). Yet, the host and pathogen are not expected to share a uniform response to a 1 1 1 temperature shifts, Rohr and Raffel (2010) found a strong correlation between elevated require more immune cells at warmer temperatures to fight off faster-growing pathogens 1 4 4 (Maniero & Carey 1997) , and lags in production of new immune cells could lead to sub-1 4 5 optimal immunity following a temperature increase (Raffel et al. 2006) . Conversely, the 1 4 6 amphibian immune system is expected to be down-regulated following a temperature 2008). A lag in this process might lead to a brief period of elevated immune 1 5 0 responsiveness relative to an already cold-acclimated host. Thus, the "lag effect" 1 5 1 hypothesis predicts the opposite effect from the "climate variability hypothesis" 1 5 2 following a temperature decrease, at least on a short timescale. These mechanistic were not previously infected with Bd, amphibians were collected as eggs from natural 1 7 7 oviposition sites. Red legged frog eggs were collected from a permanent pond located fish food and ground alfalfa pellets (1:3 ratio by volume). Water was changed every 1 8 7 seven days. The 40-day trials for each species were not run concurrently, but identical Independent trials for each host species began with a 20-day acclimation period 1 9 2 with 80 (Gosner stage 26) larvae randomly selected, and individually placed into 80 1 9 3 plastic 500-mL containers where they were housed for the duration of the acclimation 1 9 4 period and experiment. Each container was filled with 14° C dechlorinated water and 1 9 5 covered with a lid to help maintain water temperature and limit evaporation. Each 1 9 6 container had 2-mm diameter holes drilled between the water line and the lid to allow air 1 9 7 circulation into the container. Pairs of containers were then placed within 40 individual 1 9 8 temperature-controlled chambers (to ensure independent replication of the temperature 1 9 9 treatments) that were set at 15° C to avoid cold-shocking the larvae. Each temperature-2 0 0 controlled chamber was independently controlled via its own thermostat and the interior temperature-controlled chambers were then randomly selected to begin the acclimation 2 0 3 period at 20° C (warm treatment) and the other half were kept at 15° C (cold treatment). The placement of temperature chambers within the laboratory was randomized, as was 2 0 5 the placement of 500-mL containers within each temperature chamber. On day 20 of the experiment, half of the temperature chambers in each of the two 2 0 8 acclimation temperatures (15° C and 20° C) were randomly selected to undergo a 2 0 9 temperature shift, either from 20° to 15° C or from 15° C to 20° C. The other half of the 2 1 0 temperature chambers underwent no shift in temperature. Thus, each of the temperature 2 1 1 chambers was subjected to one of four temperature treatments: a constant 15° C (cold) 2 1 2 throughout the experiment; a constant 20° C (warm) throughout the experiment; a 2 1 3 temperature shift from 15° C to 20° C (cold-to-warm); or a temperature shift from 20° C 2 1 4 to 15°C (warm-to-cold). On day 24, one of the two 500-mL containers within each temperature-controlled 2 1 7 chamber was randomly selected to undergo a Bd-exposure treatment and the other was 2 1 8 selected as a control. Larvae in the Bd-exposure treatment were exposed to a single 2 1 9 inoculate of Bd strain JEL 274, which was grown in pure culture on 1% tryptone agar in 2 2 0 10-cm diameter Petri dishes. This Bd strain was selected as it is one of the more virulent 2 2 1 strains associated with major amphibian populations declines (Rosenblum et al. 2013 ).
Materials and Methods

2
The Petri dishes were inoculated with liquid culture 10 days before the start of the 2 2 3 experiment and incubated at 15° C. To harvest the zoospores, 10 plates were flushed with 2 2 4 15 mL of 15° C dechlorinated water and remained undisturbed for 10 minutes. The plates 2 2 5 were scraped with a rubber spatula to release the zoospores and sporangia adhering to the 2 2 6 agar. The inoculum from each plate was then pooled in a beaker and the number of 2 2 7 moving zoospores was determined using a hemocytometer. After quantifying the 2 2 8 zoospore concentration, the inoculum was diluted to 10,000 zoospores/mL. Individuals in the Bd-exposed treatments were exposed to 10 mL of inoculum transferred into the 500-2 3 0 mL container housing an individual larva. Control individuals were exposed to 10 mL of 2 3 1 sham inoculum lacking the Bd culture (made from 1% tryptone sterile agar plates 2 3 2 following the same methods), similarly transferred into the 500-mL container housing 2 3 3 each larva. Thus, the individual larva underwent their exposure treatment on day 24, four 2 3 4 days after the water temperature shift for chambers in the two temperature shift 2 3 5 treatments.
3 6
During the 40-d trial, survival and metamorphic status were checked daily. Water for each 500-mL container within the temperature chambers was changed every 12 days 2 3 8 and consisted of dechlorinated water of the same temperature (15° C and 20° C). Individuals that survived until the end of the trial (i.e., day 40) were euthanized in a 2% 2 4 0 solution of MS-222, and then preserved in 95% ethanol. Individuals that reached 2 4 1 metamorphosis (Gosner stage 42: emergence of forelimbs) were euthanized, measured, 2 4 2 and preserved as previously described. Each temperature-controlled chamber was an experimental unit (whole plot) and and shifted to warm). Further, subplots were subjected to one of two exposure treatments 2 5 9 (Bd exposed and Bd unexposed). and between host species was analyzed using R version 3.11. We used a zero-inflated 2 6 9 negative-binomial generalized linear model (function 'zeroinf' in package 'pscl) as combination (Bd-exposure temperature model). We detected a host species by temperature shift interaction (χ 2 1 = 3.83, p = 0.050; 2 9 0 Table S2 ) and a Bd-exposure temperature by temperature shift interaction (χ 2 1 = 7.50, p = with individuals shifted from 15° C to 20° C having higher Bd abundance than red legged 2 9 9 frog larvae experiencing constant 20° C (Fig. 2) . In contrast, there was no evidence that a 3 0 0 temperature shift influenced Bd infection when red legged frog larvae were exposed to 3 0 1
Bd at 15° C (χ 2 1 = 0.6, p = 0.4; Fig. 2 ). There was no statistically significant interaction 3 0 2 between exposure temperature and temperature shift for red legged frog larvae (χ 2 1 = 2.4, 3 0 3 p = 0.13).
3 0 4
We detected an interactive effect of exposure temperature and temperature shift 3 0 5 on Bd abundance in western toad larvae (χ 2 1 = 5.2, p = 0.023). This was driven by evidence of an effect of shifting temperature from 15° C to 20° C (Fig. 2 ). There were no 3 0 9 main effects of exposure temperature (χ 2 1 = 0.50, p = 0.5) or temperature shift (χ 2 1 < 0.01, 3 1 0 p = 0.9) on Bd abundance in western toad larvae. Further, when investigating the exposure to Bd at 15° C (χ 2 1 = 3.4, p = 0.066) or 20° C (χ 2 1 = 2.5, p = 0.11).
number of western toad individuals died or metamorphosed earlier (Table S2 ). We 3 2 3 therefore assessed the possibility that the timing of Bd sampling or the proximity of a 3 2 4 larva to metamorphosis might drive observed patterns of Bd abundance in western toads.
3 2 5
The model for Bd abundance on western toads was not significantly improved by adding = 4.00, p = 0.150) or a covariate indicating the sampling date (χ 2 1 = 3.33, p = 0.068). temperature or temperature shift status to the model. Therefore, we omitted both
covariates from the final model for western toads. Our results suggest that Bd infection dynamics in larval amphibians can be In conclusion, our results provide additional evidence for climate variability 4 1 5 affecting Bd infection in amphibians but suggest important among-taxa differences in the 4 1 6 directionality of these effects. Our finding of increased host resistance to infection 4 1 7
following a temperature decrease is consistent with the "lag effect" hypothesis of Raffel declines (Rohr & Raffel 2010 , Raffel et al. 2013 , Raffel et al. 2015 . Our study highlights 4 2 1 the complexity that temperature plays in determining the outcome of Bd-amphibian 4 2 2
interactions and the role that a fluctuating temperature might play in altering these 4 2 3
interactions. Furthermore, this study increases the diversity of amphibian species and 4 2 4
stages that have been shown to exhibit thermal acclimation effects on disease, and the temperatures and temperature fluctuations. Ecology, 90, 888-900. heat waves in the 21st century. Science, 305, 994-997. Conserv., 141, 1484-1492. Mapping the global emergence of Batrachochytrium dendrobatidis, the 
